The balance of excitation and inhibition is important in regulating the network activity. Under pathological conditions the interaction of excitatory and inhibitory neurons can become unbalanced, leading to seizure-like activity in the network. The interplay between excitatory and inhibitory neurons has been studied in rat hippocampal CA1, where spontaneous seizure-like activity was produced by blocking potassium ion channels and decreasing magnesium \[[@B1]\]. One of the main findings is that the excitatory neurons exhibit runaway excitation as the inhibitory neurons enter long-lasting depolarization block.

In this study, we employ a modified Wilson-Cowan (WC) model \[[@B2]\] to examine the dynamics of an EI network under similar pathological conditions. To model depolarization block, we modified the inhibitory population\'s activation function so that large input silences the population. Phase plane analysis shows that the network can be in as many as three different states, rest state, active state, and seizure state, where the inhibitory population enters depolarization block in the seizure state. If both populations receive a similar amount of external input, the Wilson-Cowan model predicts that the network is bistable. In this case, the network can be in either the rest state or the seizure state, where the transition to the seizure state occurs as the inhibitory population enters depolarization block. Alternatively, if the external input to the inhibitory population is small, the network can become tristable, where all three state coexist for the same parameters. The network now has to pass the intermediate state (i.e. active state) before it enters the seizure state. Such network transitions can be either oscillatory or monotonic.

We test the predictions of Wilson-Cowan model with a network of Morris-Lecar (ML) neurons. We find that the bistable state is present in the ML network, where the inhibitory neuron\'s firing rate peaks just before entering depolarization block (Figure [1A](#F1){ref-type="fig"}). This type of network dynamics has been reported in \[[@B1]\]. Tristability can also be observed in a ML network when the external input to the inhibitory population is reduced. The transition dynamics of the active state can be oscillatory (Figures [1B and 1C](#F1){ref-type="fig"}) or monotonic (data not shown) depending on the synaptic time constants as predicted by the Wilson-Cowan model. Hysteresis is observed at the transitions between different states (Figures [1A and 1B](#F1){ref-type="fig"}), providing evidence that the emergence of three states is a network phenomenon.

![(A,B) Firing rates of excitatory (blue) and inhibitory (red) neurons. Current injection to the excitatory neurons is increased and decreased slowly as shown by the dotted lines. The network is bistable in (A) and tristable in (B). Note that the network can be in different states for the same current input, indicating hysteresis. (C) Same network parameters as in (B) but current injection to the excitatory neurons is constant to demonstrate that the network activity can be oscillatory during the active state.](1471-2202-15-S1-P76-1){#F1}
